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Guided	Wave	SHM

100 µs

6 ms

Mechanical Excitation

)))
Measured Scatter
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Imaging
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Outline

• Sensor Hardware
• Review of Time Domain Processing
• Review of Spatial Domain Processing
• The problem of multi-damage
• Target Identification
• Proof on Concept
• Conclusions
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Sensor	Hardware	(MD7)

4

1Actuator

6 Sensors

All-Digital Communications Line 
(No Analog)
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Time	Domain	Processing
• Filter

• Complex Envelope

• Downsample

• Whiten

• Transform to Spatial Domain
(Time  Propagation Distance)

5
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Analytic Signal
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Spatial	Domain	Processing

6

• Incoherent Beamforming

• Coherent Beamforming

• Hybrid Beamforming
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The	Multi‐Damage	Problem

7

Incoherent Hybrid
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Target	ID:	Matching	Pursuit
Decompose ultrasonic scan into sum of wave reflection packets

8
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Parameters determined through Greedy Algorithm



St
ru
ct
ur
al
 H
ea
lth

 M
on

ito
rin

g 
an

d 
Ba

ye
si
an

 E
xp
er
im

en
ta
l D

es
ig
n

U
ni

ve
rs

ity
 o

f C
al

ifo
rn

ia
, S

an
 D

ie
go

99

10
/4
/2
01

1
LA

‐U
R
11

‐0
49

21
Id
en
tif
yi
ng

 S
ca
tt
er
 Ta

rg
et
s i
n 
2D

 S
pa
ce
 u
sin

g 
In
 S
itu

 P
ha
se
d‐
Ar
ra
ys
 

M
et
is
	D
es
ig
n	
/	
UC
	S
an
	D
ie
go
	/
	L
os
	A
la
m
os
	N
at
io
na
l	L
ab
or
at
or
y

Reconstruction	Example

9

Targets
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Why	Identify	Targets?

• Easier to identify individual sources of scatter
• Impossible targets can be surgically removed
• Secondary echoes can be reduced/eliminated through 

matched filtering
• Greatly reduced communications and storage requirements

10
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Simple	Experiments
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91 cm

91 cm

• 3mm Aluminum Plate
• 3 MD7 Nodes
• 50 KHz Excitation
• “Damage” – 10mm Disc Magnets

MD7 Nodes
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Advanced	Experimental	Setup
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MD7 Nodes

3mm Notch
Loose Bolt

Structural
Through-Holes

Bolted Doubler

• 6 mm Aluminum Plate
• 4 MD7 Nodes
• Test conducted at Metis Design, Cambridge, MA
• 60 kHz Excitation

183 cm 
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Results

15

Original Scan Composite Reconstructed

Alternative Shape Function Matched Filtering
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Comments

• Just a proof on concept 
• Verification through statistical analysis is necessary

• Operating in the spatial domain seems more robust
• So far only applies to phased arrays

• Images using single transducer pairs have ambiguous target 
locations

• Room for more advanced algorithms: Clustering
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Summary

18

Actuator

Sensors

All‐Digital Communications Line 
(No Analog)

Original Scan Composite Reconstructed

Alternative Shape Function Matched Filtering


